It is necessary to take into account the topographic and regional characteristics of high winds, when we are estimating the design wind speeds for buildings and structures.
Next, is described the results of the analysis of gust factors recorded by aerovanes at all the weather stations in Japan. The regional characteristics and the differences between the gust factors caused by a typhoon and by an extra-tropical cyclone were also decribed. According to this study, the expected values of the maximum peak gust which is available for design wind speeds can be obtained for any places in Japan.
1. Regional characteristics of high winds for structural design 1. 1 Introduction To obtain design wind velocity, it is necessary to fully understand the topographic * This paper was compiled by T. KITAOKA and S. SOMA , and read by T. KITAOKA at The
Third Joint Meeting of US-Japan Panel on the Wind and Earthquake Resistant Design Criteria. of Structures, which was held on 10 to 12 May, 1971, in Tokyo. The first part of this investigation was conducted by H. KIKUCHIBARA and the second part by M. OKUTA.
and regional characteristics of gust. As a design wind velocity, it is desirable to use the estimated value of the maximum peak gust. In Japan, however, the observation period is too short for the purpose of estimating the expected maximum peak gust. Under the circumstances, this report (1) describes a method to obtain the expected extreme wind speed corresponding to the return period at given place according to the data of mean wind velocity per 10 minutes and of topographic factors, and (II) clarifies the characteristics of the regional distribution of the gust factor for the purpose of estimating the maximum peak gust from the extreme wind speed expected by the above method.
At our first joint meeting in Tokyo, one of the present authors reported on a method of co-axial graph for estimating the expected wind velocity at any local point which was developed by R. SAITO and others. It was still somewhat problematic in the suitability of the values estimated by it. So the Statistics Secton of JMA has, in an effort to improve on this method, developed a multiple regression method. Although this seems to represent a considerable advance, it leaves room for further improvement in some minor points. This method will be first described in the following pages.
2 Selection on topographic
factors and analysis by use of them Among the topographic conditions which influence the high winds, one of the most significant is the influence of the sea. At the seashore, especially at a cape, the wind blows more violently than in the inland. Other topographic factors include the distance from seashore to the point and the proportion of land and sea within a certain radius of the point, i.e. degree of sea or land coverage, the rising of the land surrounding, and the distance from topographic obstacles against wind. Furthermore, at the valley or fissure in mountain ranges, violent gusts blow in a specific direction due to the convergence of air currents.
The characteristic topographic conditions have so far been indicated by such factors as exposure and orientation ( Fig. 1) . Table 1 shows the efficient factors selected in reference to physical considerations and other existing reports.
The table shows 11 topographic factors which are further divided into 18. In proceeding with actual analysis by topographic factors, it is essential to select a small number of factors having a high correlation with wind velocity and, at the same time, a low correlation among themselves.
For this purpose, the matrix of single correlation coefficients between wind speed and topographic factors was studied as well as analysis by dispersion.
As a result, the following seven factors were selected as being effective :
(1) Degree of land coverage within a circle of radius 30 km.
This is the ratio of the area covered by land to the total area within a circle with a radius of 30 km around the station.
(2) Degree of sea coverage within a circle of radius 5 km. This is the ratio of the area covered by sea to the total area within a circle with a radius of 5 km around the station. This is the difference between the elevation of the station and the mean elevation of eight points which are 40 km distant from the station and whose directions from the station make eight-points of the compass equidistant from one another, i.e., N, NE, E, and so on. Distance of seashore This is the shortest distance from the nearest seashore to the station.
This is the height of the station above the lowest point within a circle of radius 1 km around the station.
(7) Zone
This will be described later.
In this report, each topographic factor is broken down into 5 to 16 categories (grade, zone, etc.). The expected wind velocity V at a certain point is calculated by adding the wind velocity corresponding to each topographic factor as follows :
V= Vi + V2+......+ VM, where M is the number of factors.
The value of the first wind velocity V1 is determined by the category of the first topographic factor into which the point falls. The other values are similarly determined by other factors. Now, the problem is how to determine the value of wind velocity corresponding to each category of all the topographic factors. These values can be obtained by solving the simultaneous linear equations with many unknowns making use of the expected wind speed and of the value topographic factors at all the stations.
1.3
Zone It was found that topographic analysis which was made at first without consideration of zones shows 2 m/sec or more in regional errors of estimated wind velocity from the actual expected value, as shown in Fig. 2 .
The distribution of high winds in Japan is considerably influenced by the existence of large mountain ranges such as the one running through the center of the Main Island and the "Shikoku" and "Kyushu" ranges. It also varies somewhat with latitude.
So we repeated some tests and experiments in topographic analysis, by dividing the whole Japan into several districts such as weak-, moderate-, and strong wind districts based on the expected wind velocity at each observation station, the Japan Sea side and the Pacific Ocean side, and high-latitude districts.
Finally we adopted the zone factor as represented by 5 districts as shwon in Fig.  3 as the most suitable one. It can be seen from this table that the estimation by 5 factors showed a considerable loss of accuracy, through the estimation by 6 factors showed not so bad results as compared with that by 7 factors.
1.5
Results (estimation of expected wind velocity at any given point) The author finally adopted analysis by 6 factors including the zone of 5 districts as shown in Fig. 3 . The wind velocity of both return periods of 50 and 100 years corresponding to each category is shown in Table 4 . The category of each topographic factors is shown in Table 5 .
How to determine the expected wind speed at any given point is shown in the following example.
(1)
According to definitions given in Table 1 (2)
Using the above values, category numbers of the 6 factors specified in Table  4 were decided according to Table 5 . These numbers are found to be, beginning from degree of land coverage, 7, 4, 2, 2, 2 and 12.
• .
(3) According to Table 4 , the expected wind speeds of both return periods of 10 1.6
Comment on result The difference between the estimated wind speeds by 6 factors including zone and actual value was summarized.
The multiple correlation coefficient was 0.94, the standard error in case of V10 was 2 m/s, of V100 3 m/s.
Absolute error, relative error and maximum error are as follows : * The expected wind speed of any other return period, will be obtained by fitting the double exponential distribution to the values of Vio and Vioo. given point would become larger than the above-mentioned ones, which are based on the data for analysis.
There are no data to calculate such difference.
However, according to SHIBATA who applied the same method as ours to precipitation, the correlation coefficients for independent data were smaller by approx. 0.1 than those for the analysed data. In our case, if the correlation coefficient is assumed to decrease to 0.84 from 0.94, the standard error becomes 1.6 times of the above-mentioned values.
The present study is the first attempt to apply the method of quantification to the analysis of wind speed by topographic factors. There are still several points which are left for improvements in the future. According to the results thus for obtained, the actual value was considerably larger than the estimated value at such points in the strong wind zone as Suttsu and Murotomisaki.
There was an irregular case where two adjacent stations showed opposite signs of error. The error was particularly large at the seaside points. In future studies, consideration of topographic factors of scales less than 100 m of radius is desirable, as well as simplification of such factors as exposure and orientation which require complicated map-work. Furthermore, the addition of estimated wind speed expressed by formula (1) would probably be better replaced by multiplication, i.e. V=Ti. T2... Tn• Vo. This will be easily done by introduction of logarithmic transformation into formula (1).
2. Regional characteristics of gust-factor 2. I Introduction Concerning the response time of buildings to the fluctuation of wind velocity, it is desired in the calculation of the design wind load that the wind velocity be measured by an anemometer whose time constant is 1 sec. or less. The aerovane is one of the anemometers adequate for this purpose, and has been introduced, in this country, into routine observation net work since 1964. The introduction, however, is so recent that we cannot directly get the expected extreme values of the peak gust using the aerovane data. And then, from the expected extreme values of the mean wind velocity, we have to indirectly estimate that of the peak gust.
In this chapter, the results on the statistical analysis of the relation between peak gust and 10-min. mean wind velocity measured by aerovane are described.
2.2
Data and method The period covered by the statistics is from 1965 to 1969, and the data used are obtained from the chapter "Weather Summary" in the "Geophysical Review" published by JMA. We picked up the maximum peak gust and the maximum of mean wind velocity at all stations.
It does not always follow that the wind direction, corresponding to the maximum mean wind velocity, coincides with that of the maximum peak gust. The same phenomena are observed for the occurrence time of the maximum mean wind velocity and the maximum peak gust. So, strictly speaking, the ratio of the maximum peak gust to the maximum mean wind velocity is not the Gust-Factor.
But, judging from the data for many years, it may be justified to consider it the mean value of Gust-Factor. The wind direction in the maximum mean wind velocity may be considered to be the representative wind direction.
2.3
Regional distribution of the gust-factor in Japan Fig.  5 shows the areal distribution of the mean values of GustFactor at all meteorological observatories in Japan obtained by the method which was described in the foregoing paragraph.
The parenthesized numerical values at several stations in coastal areas or on islands indicate the Gust-Factor at the time when the wind blows from the sea. As it is clear from this figure, the values of GustFactor at many stations on islands in flat coastal regions are lower than 1.5, those in inland areas are mostly higher than 1.6 and those in the mountainous region are higher than 1.8. At Miyako and Ofunato located on the coast of the Sanriku District, the values of Gust-Factor are higher than 2, and this is easily explained by their mountainous surroundings.
At Miyakeshima in the Izu Islands, in the case of a wind direction from sea to land, the value of Gust-Factor is 1.30, and in the case of wind blowing from the mountain, the value is 1.93.
The values at the stations on mountain tops (marked by triangles in Fig. 5 ) are lower than those in inland areas. These lower values are caused by the high altitudes of those stations which have no obstacles making the air flow turbulent on the windward. 
2.4
The values of gust-factor by various meteorological disturbances In the foregoing section, the author explained the areal distribution of the GustFactors which are obtained at all the stations in Japan. In this section, will be given the mean values of Gust-Factor obtained by each meteorological disturbance.
4.1
An example of Gust-Factor in the case of a typhoon For an example of the mean value of Gust-Factor at the time of a typhoon, we take up Typhoon No. 6734 which hit the Japan Islands on October 26-29, 1967. Fig. 6 shows the values of Gust-Factor which are classified into two cases : one case (white circles) indicates the values of Gust-Factor observed in winds from sea to land, and the other (black circles) indicates those observed in winds from mountainous regions. The mean value of Gust-Factor of the former case is 1.50 and in the latter 1.85. So the mean values of Gust-Factor in case the wind is affected by mountains are much higher.
2.4.2
An example in the case of an extratropical cyclone For an example of the mean value of Gust-Factor at the time of an extratropical cyclone, we take up the high-speed wind observed in an extratropical cyclone which moved eastward developing rapidly along the Pacific coast of the Japan Islands on February [15] [16] 1968 . Fig. 7 shows the mean values of Gust-Factor obtained in this case. It shows also that the mean values of Gust-Factor are much higher when the Fig. 6 . Relation between maximum mean wind velocity and maximum peak gust in the case of a typhoon (Typhoon No. 6734, Oct. 26-29th, 1967) . White circles indicate that the wind is from the sea, and black ones from the mountainous area.
wind is affected by mountains than otherwise.
Comparing Fig. 6 with Fig. 7 , we seem to see some difference between typhoons and extratropical cyclones, but this is not significant when we treat many examples of them.
2. 4. 3 Frequency distribution of the mean values of Gust-Factor in various meteorological disturbances By the method described in 2.4.1, the author calculated the mean values of GustFactor in all meteorological severe disturbances which hit the Japan Islands in the period of 1965-68. And their frequency distribution is shown in see there is a significant difference in the frequency distribution of the mean values of Gust-Factor according to weather the wind is affected by mountains or not.
5 Conclusion
In addition to the foregoing analytical results, the author analysed the variation of the Gust-Factor due to the wind direction for the area surrounding Tokyo Bay, and obtained the same results as described above.
From these results, the areal characteristics of Gust-Factor are as follows :
1) Areas where the wind blows from the sea and where its surroundings are flat has 1.4 as the mean value of Gust-Factor.
2) Areas where the wind blows from mountainous surroundings has 1.8 as the mean value of Gust-Factor.
3) Areas where there are many steep precipices around have a value higher than 2.
So, for the estimation of the extreme value of the peak gust, using the value of Gust-Factor, from the extreme probability value of the mean wind velocity, we must consider the areal characteristics of Gust-Factor.
Dr. Y. MITSUTA introduced the following equation empirically :
V1=1.896 V600, where V, is the mean wind velocity in the duration of 1 sec. measured by an anemometer whose response time is 1 sec., and V"a is the mean wind velocity in 10 minutes. The constant 1.896 coincides quite well with the results obtained by the author in mountainous regions.
